We present BVRI photometry of supernova 2011fe in M101 from 2.9 to 182 days after the explosion. The light curves and color evolution show that SN 2011fe belongs to the "normal" subset of type Ia supernovae, with ∆m 15 (B) = 1.21 ± 0.03 mag. 
Introduction
Supernova (SN) 2011fe in the galaxy M101 (NGC 5457) was discovered by the Palomar Transient Factory (Law et al. 2009; Rau et al. 2009 ) in images taken on UT 2012 Aug 24 and announced later that day (Nugent et al. 2011a) . As the closest and brightest type Ia SN since SN 1972E (Kirshner et al. 1973) , and moreover as one which appears to suffer relatively little interstellar extinction, this event should provide a wealth of information on the nature of thermonuclear supernovae.
We present here photometry of SN 2011fe in the BVRI passbands obtained at two sites, starting one day after the discovery and continuing for a span of 179 days. Section 2 describes our observational procedures, our reduction of the raw images, and the methods we used to extract instrumental magnitudes. In section 3, we explain how the instrumental quantities were transformed to the standard Johnson-Cousins magnitude scale. We illustrate the light curves and color curves of SN 2011fe in section 4, comment briefly on their properties, and discuss extinction along the line of sight. In section 5, we examine the rich history of distance measurements to M101 in order to choose a representative value with which we then compute absolute magnitudes.
Using a very large set of visual measurements from the AAVSO, we compare the visual and CCD V-band observations in section 6. We present our conclusions in section 7.
Observations
This paper contains measurements made at the RIT Observatory, near Rochester, New York, and the Michigan State University (MSU) Campus Observatory, near East Lansing, Michigan.
We will describe below the acquisition and reduction of the images into instrumental magnitudes from each site in turn.
The RIT Observatory is located on the campus of the Rochester Institute of Technology, at -4 -longitude 77:39:53 West, latitude +43:04:33 North, and an elevation of 168 meters above sea level. The city lights of Rochester make the northeastern sky especially bright, which at times affected our measurements of SN 2011fe. We used a Meade LX200 f/10 30-cm telescope and SBIG ST-8E camera, which features a Kodak KAF1600 CCD chip and astronomical filters made to the Bessell prescription; with 3 × 3 binning, the plate scale is 1.
′′ 85 per pixel. To measure SN 2011fe, we took a series of 60-second unguided exposures through each filter; the number of images per filter ranged from 10, at early times, to 15 or 20 at late times. We typically discarded a few images in each series due to trailing. We acquired dark and flatfield images each night, switching from twilight sky flats to dome flats in late October. The filter wheel often failed to return to its proper location in the R-band, so, when necessary, we shifted the R-band flats by a small amount in one dimension in order to match the R-band target images. We combined 10 dark images each night to create a master dark frame, and 10 flatfield images in each filter to create a master flatfield frame. After applying the master dark and flatfield images in the usual manner, we examined each cleaned target image by eye. We discarded trailed and blurry images and measured the FWHM of those remaining.
The XVista (Treffers & Richmond 1989 ) routines stars and phot were used to find stars and to extract their instrumental magnitudes, respectively, using a synthetic aperture with radius slightly larger than the FWHM (which was typically 4 ′′ to 5 ′′ ). As Figure 1 shows, SN 2011fe lies in a region relatively free of light from M101 (see also Supplementary Figure 1 of Li et al. (2011) ). As a check that simple aperture photometry would yield accurate results, we examined high-resolution HST images of the area, using ACS WFC data in the F814W filter originally taken as part of proposal GO-9490 (PI: Kuntz). The brightest two sources within a 5 ′′ radius of the position of the SN, RA = 14:03:05.733, Dec = +54:16:25.18 (J2000) (Li et al. 2011) , have apparent magnitudes of m I ≃ 21.8 and m I ≃ 22.2. Thus, even when the SN is at its faintest, in our final I-band measurements, it is more than one hundred times brighter than nearby stars which might contaminate our measurements. -6 -Between August and November, 2011, we measured instrumental magnitudes from each exposure and applied inhomogeneous ensemble photometry (Honeycutt 1992) to determine a mean value in each passband. Starting in December, 2011, the SN grew so faint in the I-band that we combined the good images for each passband using a pixel-by-pixel median procedure, yielding a single image with lower noise levels. We then extracted instrumental magnitudes from this image in the manner described above. In order to verify that this change in procedure did not cause any systematic shift in the results, we also measured magnitudes from the individual exposures, reduced them using ensemble photometry, and compared the results to those measured from the median-combined images. As Figure 2 shows, there were no significant systematic We acquired dark, bias, and twilight sky flatfield frames on most nights. On a few nights, high clouds prevented the taking of twilight sky flatfield exposures, so we used flatfields from the preceding or following nights. The I-band images show considerable fringing which cannot always be removed perfectly. We extracted instrumental magnitudes for all stars using a synthetic aperture of radius 5.
′′ 4.
Photometric calibration
In order to transform our instrumental measurements into magnitudes in the standard
Johnson-Cousins BVRI system, we used a set of local comparison stars. The AAVSO kindly supplied measurements for stars in the field of M101 (Henden 2012 ) based on data from the K35 -8 -telescope at Sonoita Research Observatory (Simonson 2011) . We list these magnitudes in Table   1 ; note that they are slightly different than the values in the AAVSO's on-line sequences which appeared in late 2011. Figure 1 shows the location of the three comparison stars. The AAVSO calibration data included many other stars in the region near M101. In order to check for systematic errors, we compared the AAVSO data to photoelectric BV measurements in Sandage & Tammann (1974) . For the five stars listed as A, B, C, D and G in Sandage & Tammann (1974) , which range 12.01 < V < 16.22, we find mean differences of −0.013 ± 0.038 mag in B-band, and −0.009 ± 0.022 mag in V-band. We conclude that the AAVSO calibration set suffers from no systematic error in B or V at the level of two percent.
Unfortunately, we could not find any independent measurements to check the R and I passbands in a similar manner.
In order to convert the RIT measurements to the Johnson-Cousins system, we analyzed images of the standard field PG1633+009 (Landolt 1992) to determine the coefficients in the transformation equations
-9 -In the equations above, lower-case symbols represent instrumental magnitudes, upper-case symbols Johnson-Cousins magnitudes, terms in parentheses the uncertainties in each coefficient, and Z the zeropoint in each band. We used stars A, B, and G to determine the zeropoint for each image (except in a few cases for which G fell outside the image). Table 2 lists our calibrated measurements of SN 2011fe made at RIT. The first column shows the mean Julian Date of all the exposures taken during each night. In most cases, the span between the first and last exposures was less than 0.04 days, but on a few nights, clouds interrupted the sequence of observations.
Contact the first author for a dataset providing the Julian Date of each measurement individually.
-10 - Table 2 incorporate the uncertainties in instrumental magnitudes and in the offset to shift the instrumental values to the standard scale, added in quadrature. As a check on their size, we chose a region of the light curve, 875 < JD − 2455000 < 930, in which the magnitude appeared to be a linear function of time. We fit a straight line to the measurements in each passband, weighting each point based on its uncertainty; the results are shown in Table 3 .
The reduced χ 2 values, between 0.9 and 1.6, indicate that our uncertainties accurately reflect the scatter from one night to the next. The decline rate is smallest in the blue, but it is still, at roughly 130 days after explosion, significantly faster than the 0.0098 mag/day produced by the decay of 56 Co.
The MSU data were transformed in a similar way, using only stars A and B. The transformation equations for MSU were
In the equations above, lower-case symbols represent instrumental magnitudes, upper-case symbols Johnson-Cousins magnitudes, terms in parentheses the uncertainties in each coefficient, and Z the zeropoint in each band. Table 4 lists our calibrated measurements of SN 2011fe made at MSU. Due to the larger aperture of the MSU telescope, exposure times were short enough that the range between the first and last exposures on each night was less than 0.01 days.
-13 - 13.67 ± 0.10 13.14 ± 0.06 13.22 ± 0.08 -15 -
Light curves
We adopt the explosion date of JD 2455796.687 ± 0.014 deduced by Nugent et al. (2011b) in the following discussion. Figure 3 shows our light curves of SN 2011fe, which start 2.9 days after the explosion and 1.1 days after Nugent et al. (2011a) announced its discovery.
In order to determine the time and magnitude at peak brightness, we fit polynomials of order 2 and 3 to the light curves near maximum in each passband, weighting the fits by the uncertainties in each measurement. We list the results in Table 5 , including the values for the secondary maximum in I-band. We again use low-order polynomial fits to measure the decline in the B-band 15 days after the peak, finding ∆ 15 (B) = 1.21 ± 0.03. This value is similar to that of the "normal"
SNe Ia 1980N (Hamuy et al. 1991 ), 1989B (Wells et al. 1994 ), 1994D (Richmond et al. 1995) and 2003du (Stanishev et al. 2007 ). The location of the secondary peak in I-band, 26.6 ± 0.5 days after and 0.45 ± 0.03 mag below the primary peak, also lies close to the values for those other SNe.
Although there is as yet little published analysis of the spectra of SN 2011fe, Nugent et al. (2011b) state the the optical spectrum on UT 2011 Aug 25 resembles that of the SN 1994D; on the other hand, Marion (2011) reports that a near-infrared spectrum on UT 2011 Aug 26 resembles that of SNe Ia with fast decline rates and ∆m 15 (B) > 1.3. We must wait for detailed analysis of spectra of this event as it evolves to and past maximum light for a secure spectral classification, but this very preliminary information may support the photometric evidence that SN 2011fe falls into the normal subset of type Ia SNe.
We turn now to the evolution of SN 2011fe in color. In order to compare its colors easily to those of other supernovae, we must remove the effects of extinction due to gas and dust within the Milky Way and within M101. Fortunately, there appears to be little intervening material. Schlegel, Finkbeiner & Davis (1998) 
Absolute magnitudes
In order to compute the peak absolute magnitudes of SN 2011fe, we must remove the effects of extinction and apply the appropriate correction for its distance. The previous section discusses the extinction to this event, and we now examine the distance to M101. Since the first identification of Cepheids in this galaxy 26 years ago (Cook, Aaronson & Illingworth 1986) (Sakai et al. 2004) . We therefore adopt a value of (m − M) M101 = 29.10 ± 0.15 mag to convert our apparent to absolute magnitudes. Note that the uncertainty in this distance modulus is our rough average, based on a combination of the random and systematic errors quoted by other authors and the scatter between their values. This uncertainty in the distance to M101 will dominate the uncertainties in all absolute magnitudes computed below.
Using this distance modulus, and the extinction derived earlier for each band, we can convert the apparent magnitudes at maximum light into absolute magnitudes. We list these values in Table   6 . Phillips (1993) found a connection between the absolute magnitude of a type Ia SN and the rate at which it declines after maximum: quickly-declining events are intrinsically less luminous.
Further investigation (Hamuy et al. (1996) ; Riess, Press & Kirshner (1996) ; Perlmutter et al. (1997) ) confirmed this relationship and spawned several different methods to quantify it. We adopt the ∆m 15 (B) method, which characterizes an event by the change in its B-band luminosity in the 15 days after from maximum light. The light curve of SN 2011fe yields ∆m 15 (B) = 1.21 ± 0.03 mag, placing it in the middle of the range of values for SNe Ia. Prieto, Rest & Suntzeff (2006) compute linear relationships between the ∆m 15 (B) and peak absolute magnitudes for a large sample of SNe. If we insert our value of ∆m 15 (B) into the equations from their Table 3 for host galaxies with small reddening, we derive the absolute magnitudes shown in the rightmost column of Table 6 . The excellent agreement with the observed values suggests that our choice of distance -22 -modulus to M101 may be a good one.
Comparison with visual measurements
Perhaps because it was the brightest SN Ia to appear in the sky since 1972, SN 2011fe was observed intensively by many astronomers. The AAVSO received over 900 visual measurements of the event within six months of the explosion. Since it was observed so well with both human eyes and CCDs, this star provides an ideal opportunity to compare the two detectors quantitatively.
We acquired visual measurements made by a large set of observers from the AAVSO; note that these have not yet been validated. We removed a small number of obvious outliers, leaving 880 measurements over the range 799 < JD − 2455000 < 984. For each of our CCD V-band measurements, we estimated a simultaneous visual magnitude by fitting an unweighted low-order polynomial to the visual measurements within N days; due to the decreasing frequency of visual measurements and the less sharply changing light curve at late times, we increased N from 5 days to 8 days at JD 2455840 and again to 30 days at JD 2455865. We then computed the difference between the polynomial and the V-band measurement. Figure 7 shows our results: there is a clear trend for the visual measurements to be relatively fainter when the object is red. If we make an unweighted linear fit to all the differences, we find
where the number in parentheses represents the uncertainty in the coefficient.
We know of two other cases in which visual and other measurements of type Ia SNe are compared. Pierce & Jacoby (1995) retrieved photographic films of SN 1937C, which were originally described in Baade & Zwicky (1938) , re-measured them with a photodensitometer, and calibrated the results to the Johnson V -band using a set of local standards. They compared their -23 -results to the visual measurements of SN 1937C made by Beyer (1939) and found
We plot this relationship in Figure 7 using a dotted line. Jacoby & Pierce (1996) discussed the differences between visual measurements of SN 1991T from the AAVSO to CCD Vband measurements made by Phillips et al. (1992) . We have extracted the measurements of Phillips et al. (1992) from their Figure 2 and compared them to the visual measurements, using the median of all visual measurements within a range of 0.5 days to define a value corresponding to each CCD measurement. We show these differences as circular symbols in Figure 7 ; an unweighted linear fit yields
We find the slope to be the more interesting quantity in these relationships, since the constant offset term may depend on the choice of comparison stars for visual observers. Although at first blush the slopes appear to be quite different, if one examines Figure 7 carefully, one will see that the trend is quite similar for all three SNe if one restricts the color range to (B − V ) > 0.5.
The main difference between these three events, then, lies in the measurements made when the SNe were relatively blue. Could that difference be real? We note that SNe 1991T (definitely) and 1937C (probably) were events with slowly declining light curves and higher than average luminosities, while SN 2011fe declined at an average rate and, for our assumed distance to M101, was of average luminosity. As Phillips et al. (1992) describes, the spectrum of SN 1991T
was most different from that of ordinary SNe Ia at early times, before and during its maximum luminosity; it is also at these early times that SNe shine with 1 light. Could the combination of photometry by the human eye and photometry by CCD really distinguish ordinary and superluminous SNe Ia at early times? The evidence is far too weak at this time to support such a conclusion, but we look forward to testing the idea with future events. 
which we plot with a dash-dotted line in Figure 7 . The slope of this relationship is consistent with that derived from the entire SN 2011fe dataset.
Conclusion
Our multicolor photometry suggests that SN 2011fe was a "normal" type Ia SN, with a decline parameter ∆m 15 (B) = 1.21 ± 0.03 mag. After correcting for extinction and adopting a distance modulus to M101 of (m − M) = 29.10 mag, we find absolute magnitudes of We acknowledge with thanks the variable star observations from the AAVSO International Database contributed by observers worldwide and used in this research. We thank Arne Henden and the staff at AAVSO for making special efforts to provide a sequence of comparison stars near M101, and for helping to coordinate efforts to study this particular variable star. MWR is grateful for the continued support of the RIT Observatory by RIT and its College of Science. Without the Palomar Transient Factory, the astronomical community would not have received such early notice of this explosion. We thank the anonymous referee for his comments. 
